ABSTRACT Exposure to ochratoxin A (OTA) can lead to changes in global gene expression. This study investigated the individual expression of genes turned on and off in renal cells of chicks after different durations of exposure to dietary OTA. One hundred and eighty day-old male broiler chicks (Ross 308) were randomly assigned to a 3 × 3 factorial arrangement of treatments (3 levels of OTA: 0, 1 and 2 mg OTA/kg diet and 3 time periods: 7, 14 and 21 d). Birds were allocated to 36 pens (4 replicate pens of 5 birds each per treatment). For RNA-Sequencing analysis (RNA-Seq), kidney samples were collected weekly from 3 controls and 3 chicks fed 1 mg OTA/kg. Birds fed 2 mg OTA/kg diet were not chosen for analysis because their reduced feed intake could affect gene expression. The libraries were constructed by Illumina's TruSeq RNA protocol. NextGENe software was used for alignment and transcript quantification. Reads per kilobase of target per million tiled reads (RPKM) were used in the Binary test analysis (P < 0.05). The highest RPKM values were used as criterion for the selection of the genes described. A total of 27,638,976 50-bp RNA-Seq reads were produced over the 3 time periods. Transcripts (40,782) were assembled de novo and annotated by homology to either G. gallus or H. sapiens. The genes activated at 7 d were IL9 and TULP1, at 14 d was GHSR and at 21 d were GRK6 and GAPDH. Unlike all other genes, LOC396365 was activated during all time periods. In contrast, the genes deactivated at 7 d were SPAG4 and LOC100857131, at 14 d were LOC771469, NKX2-1, NKX2-8, FOXO1, MyHC and CLDN18 and at 21 d was XPC. The B-G gene was turned off at 7 and 21 d. All of these genes were involved in kidney toxicity. Therefore, the turning on and off responses of these genes may contribute to carcinogenic and tumorigenic effects of OTA in birds.
INTRODUCTION
The poultry industry plays a significant role in the worldwide economy, as evidenced by the global record in broiler meat production when compared to beef and pork production. This industry is important for the economy of the United States, which leads the world in broiler meat production (18.0 million metric tons), followed by Brazil and China (13.1 and 13.0 million metric tons, respectively). Brazil leads exports with 3.7 million metric tons, followed by the United States with 3.0 million metric tons (USDA, 2015) .
Large losses in the poultry industry may occur if feedstuffs contaminated with mycotoxins, in particular tently nephrotoxic, strongly carcinogenic (IARC group 2B), as well as genotoxic, hepatotoxic, teratogenic, embryotoxic, mutagenic, neurotoxic, and immunosuppressive (JECFA, 2008) , but its multiple mechanisms of toxicity are not yet fully elucidated, and sometimes results are even controversial (Ringot et al., 2006) .
Although problems associated with OTA have been known for decades and a great amount of research on their effects in animals has already been performed, studies based on the effects of OTA at the cellular level (genes) are relatively recent. There is much less known about chicken gene responses in comparison to mammalian species. For comprehension of structure and function relationships, chickens represent a good biomedical model for understanding disease mechanisms because of their defined genetics (Kaufman et al., 1999) .
In the present study, we investigated the changes in gene expression associated with an induced experimental ochratoxicosis in broiler chicks fed 1 mg OTA/kg feed at 7, 14 and 21 d. Using the technique of RNA sequencing (RNA-Seq), we isolated the genes transcriptionally activated and deactivated in renal cells. In particular, carcinogenic and tumorigenic effects were investigated.
MATERIALS AND METHODS

Animal Procedures and Experimental Conditions
Bird handling and experimental protocols were approved by the University of Missouri, Columbia, MO, Animal Care and Use Committee. One hundred and eighty 1-day-old male broiler chicks (Ross 308) were obtained from a commercial hatchery (Hoover's Hatchery Inc., Rudd, IA) and were randomly assigned to a 3 × 3 factorial arrangement of treatments to receive 3 levels of OTA (0, 1 and 2 mg OTA/kg diet) for 3 time periods (7, 14 and 21 d) . The birds were weighed, sorted, wingbanded, and allocated to 36 pens (4 replicate pens of 5 birds each per treatment) for 21 d. The average BW of the birds at the beginning of the experiment (d 1) was 37.4 g across all treatments (P > 0.05).
The basal diet was a commercial type maize-soybean meal diet (23% CP and 3,200 kcal ME/kg), formulated to meet or exceed the nutritional requirements of growing chicks (1 to 21 d) according to the NRC (1994) . The ingredient composition and the calculated nutrient composition of the basal diet were previously described by Zeferino et al. (2016) . For OTA supplemented diets, OTA was produced by Aspergillus ochraceous NRRL 3174 grown on shelled corn (Ciegler, 1972) , at the Veterinary Medical Diagnostic Laboratory (College of Veterinary Medicine, University of Missouri, Columbia, MO). The culture material contained 1,100 mg OTA/kg. Dietary OTA concentrations of supplemented diets were determined (Zeferino et al., 2016) .
Over the entire experimental period (1 to 21 d), birds were allowed ad libitum access to feed and water and maintained on a 24 h continuous light schedule. They were inspected daily for any health problems and mortality was recorded. The room temperature was adjusted daily to ensure the thermal comfort of the birds. Average temperatures of 31.4
• C, 30
• C and 28.5 • C were recorded for wk 1, 2, and 3, respectively.
Renal Gene Expression Profiling
According to the performance results on d 21 (Zeferino et al., 2016) , chicks fed 1 mg OTA/kg diet had a numerical decrease in feed intake of 5.4% (P > 0.05), whereas chicks fed 2 mg OTA/kg diet had a significant decrease in feed intake of 26.5% (P < 0.05). No effect of OTA (P > 0.05) was detected on mortality across all treatments, with a mortality of 2/20, 1/20, and 4/20 observed in birds fed 0, 1 mg/kg, or 2 mg/kg OTA, respectively.
In order to remove the possible effects of the reduced feed intake on gene expression, birds fed 2 mg OTA/kg diet were not chosen for analysis, thus, kidney samples were collected weekly from 3 chicks fed the basal diet (0 mg OTA/kg) and 3 chicks fed the basal diet supplemented with 1 mg OTA/kg diet.
Each bird, apparently healthy with uniform weight, was taken randomly from a different replicate pen and euthanized with carbon dioxide. Kidney cortex samples (approximately 2.0 g) were aseptically collected from the cranial portion of the right kidney, immediately snap-frozen in liquid nitrogen, and stored at −80
• C. Total RNA was extracted by the RNeasy Mini Kit (Qiagen Inc., Valencia, CA), according to the manufacturer's instructions. The quality and integrity of all purified RNA was confirmed by agarose gel electrophoresis. The concentration was measured by absorbance at 260 nm and the purity was monitored by inspection of the 260/280 nm ratio using a spectrophotometer (ND-1000, NanoDrop Technologies Inc., Wilmington, DE). Total RNA samples were submitted for analysis at a concentration of 100 ng/μL in nuclease free water in a minimum volume of 25 μL (2.5 μg total).
High-throughput sequencing was performed at the DNA Core Facility (University of Missouri, Columbia, MO). RNA quality analysis on each sample was performed before library preparation using the Eukaryote Total RNA StdSens Assay (Bio-Rad Experion System, Hercules, CA). The libraries were constructed following the manufacturer's protocol with reagents supplied in Illumina's TruSeq RNA sample preparation kit (RS-930-2001, Illumina Inc., San Diego, CA) . The final construct of each purified library was evaluated using the BioAnalyzer 2100 (Agilent Technologies, Palo Alto, CA) automated electrophoresis system. The libraries were also quantified with the Qubit fluorometer (Invitrogen, Carlsbad, CA) using the Quant-iT ds-DNA HS reagent kit (Invitrogen), and diluted according to Illumina's standard sequencing protocol for sequencing on the HiSeq 2000 (Illumina). For generation of sequences, 18 stranded RNA-Seq libraries were pre-pared, multiplexed into 3 pools (6-plex) and each pool sequenced in a single lane of a 1 × 50 HiSeq run, totaling 3 lanes.
NextGENe-NG Release v. 2.17 (beta) software (SoftGenetics, State College, PA) was used for read alignment and transcript quantification. To build a more complete reference, reads were filtered to remove data for transcripts that can be found in public data. The remaining reads were assembled de novo. These transcripts were further assembled using CAP3 (Huang and Madan, 1999) to remove redundancy and extend sequence. Lastly, the public data were combined with the RNAs from this study and further consolidated with CAP3. The resulting data includes Gallus gallus (Gga) RefSEQ (http://www.ncbi.nlm.nih.gov/refseq/) and data from this study and represents both fulllength transcripts as well as non-overlapping fragments of transcripts. For this study, each constructed RNA sequence was referenced as a transcript. However, mRNAs may be represented in the data more than once when only non-overlapping fragments were assembled. Transcripts were assembled de novo and first annotated by homology to Gga. Transcripts that had no counterpart in the public Gga data were then compared to the mRNA reference for Homo sapiens (Hsa) because the functional definitions of chicken genes are not as complete as those in mammals and it is expected that conserved genes have the same function in different species.
Statistical Analysis
Reads per kilobase of target per million tiled reads (RPKM) values of the transcripts were used in the analysis as the measurement of mRNA abundance. The results of RNA-Seq were obtained by the arithmetic mean of 3 replicates per treatment (control and treated with 1 mg OTA/kg) for each time period (at 7, 14, and 21 d) . Through the Binary test (Microsoft Excel, Microsoft Corporation) it was possible to select the transcripts that were activated (i.e., transcripts with zero RPKM mean for control and RPKM mean greater than zero in treated group) and deactivated (i.e., transcripts with RPKM mean greater than zero in control group and zero RPKM mean for treated group). A P-value of less than 0.05 was considered to be statistically significant. An individual gene approach was chosen for this study, this way the highest RPKM values were used as a criterion for the selection of the genes described.
RESULTS
The results of dietary OTA concentrations analysis confirmed the expected levels in the control diet (below the limits of detection) and the treated diets with 1 and 2 mg OTA/kg (1.130 and 2.080 mg OTA/kg, respectively). Analysis of the basal diet indicated that it did not contain detectable amounts of OTA, and other mycotoxins such as aflatoxin B1 (AFB1), zearalenone (ZEA), fumonisin B1 (FB1), or deoxynivalenol (DON).
All samples used for RNA-Seq exceeded minimum quality requirements based on Eukaryote Total RNA StdSens results. The results of RNA quality indicator were higher than 9.3 on a scale of 1.0 (fully degraded) to 10.0 (intact) which demonstrated the high quality of the isolated RNA.
A total of 27,638,976 50-bp RNA-Seq reads were produced over the 3 time periods. These reads were tiled onto a custom reference that included 40,782 mRNA transcripts and transcript fragments. For the purpose of this study, both full-length transcripts and transcripts fragments will be referenced as "transcripts". Our findings on gene expression response by duration of exposure to dietary OTA are based on mRNA levels only.
Considering the activation of transcripts, on d 7, there were 668 mRNA transcripts that were undetectable in the control animals but became detectable when OTA was fed. However, only 131 of the 668 transcripts (19.6%) were statistically different (P < 0.05) when compared to controls. This group included 33 transcripts that could be identified (Table 1) , 7 uncharacterized transcripts (i.e., transcripts that are present but unannotated in the chicken genome build; Table 1 ), and 91 transcripts that had no counterpart in the public Gga and Hsa data (i.e., transcripts that could not be identified by homology to known chicken nor human transcripts). On d 14, 625 mRNA transcripts became detectable, but only 89 transcripts (14.2%) were statistically different from controls (P < 0.05). This group included 19 identified and 4 uncharacterized transcripts (Table 2) , and 66 transcripts that had no counterpart in the public Gga and Hsa data. On d 21, 632 mRNA transcripts became detectable, but only 117 (18.5%) were statistically different from controls (P < 0.05). This group included 30 identified and 9 unannotated transcripts (Table 3) , and 78 transcripts that could not be identified by homology to known chicken nor human transcripts.
Concerning the deactivation of transcripts, on d 7, there were 320 mRNA transcripts that were present in control animals but became undetectable with the inclusion of OTA in the diet. However, only 18 of the 320 transcripts (5.6%) were statistically different (P < 0.05) when compared to controls. This group included 9 identified and 2 uncharacterized transcripts (Table 4) , and 7 transcripts that had no counterpart in the public Gga and Hsa data. On d 14, 355 mRNA transcripts became undetectable, but only 21 transcripts (5.9%) were statistically different from controls (P < 0.05). This group included 16 identified and 2 uncharacterized transcripts (Table 4) , and 3 transcripts that could not be identified by homology to known chicken nor human transcripts. On d 21, 396 mRNA transcripts became undetectable, but only 27 (6.8%) were statistically different from controls (P < 0.05). This group included 12 identified and and the Hsa glyceraldehyde-3-phosphate dehydrogenase (GAPDH), transcript variant 2 genes were transcribed at high levels at 21 d (Table 3) . After the peaks, transcription of each gene declined rapidly. Unlike all other genes, the Gga preprogastrin (LOC396365) was transcribed at high levels during all time periods (Tables 1, 2 and 3) . For deactivation, the Gga sperm associated antigen 4 (SPAG4), Gga sperm associated antigen 4 proteinlike (LOC100857131) and the Gga V-region-like B-G antigen, and Gga MHC class IV antigen (B-G) genes were transcriptionally turned off at 7 d (Table 4) . The Gga zinc finger B-box domain-containing protein 1-like (LOC771469), the Hsa NK2 homeobox 1, transcript variant 2, and Hsa NK2 homeobox 8 (NKX2-1 and NKX2-8, respectively), the Gga forkhead box O1 (FOXO1), the myosin heavy chain (MyHC) and the Hsa claudin 18 (CLDN18), transcript variant 2 genes were transcriptionally turned off at 14 d. Finally, the Gga V-region-like B-G antigen (B-G) and the Gga xeroderma pigmentosum, complementation group C (XPC) genes were transcriptionally turned off at 21 d.
DISCUSSION
In order to support and help clarify our gene expression results, a histopathology exam was conducted on kidney samples from control birds and birds fed 1 mg OTA/kg diet but no significant microscopic changes were detected. We speculate that the level of 1 mg OTA/kg diet was not high enough or was not fed for a long enough period for the emergence of kidney lesions.
Ochratoxin A is unlikely to act through a single, welldefined mechanism of action (Marin-Kuan et al., 2008) , therefore we can suggest that there would be damage in different tissues, which resulted in individual gene responses. Although OTA studies on most of the genes described below are limited to humans and the effects have been reported in organs other than the kidneys, our data on turned on and off genes provide a description of ochratoxicosis in broilers.
Activated Genes
IL9 Dysregulated interleukin 9 (IL-9) response in vitro can lead to cell growth and malignant 2 Transcripts that were annotated by homology to Gallus gallus mRNA are identified by Gga and transcripts that were compared to the mRNA reference for Homo sapiens are identified by Hsa. 3 The RPKM (reads per kilobase of target per million tiled reads) value describes the magnitude of activation (P < 0.05, Binary test) between OTA and control treatments (numbers were compared to zero). The comparison among genes is not valid.
transformation of lymphoid cells associated with constitutive activation of the Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway (Demoulin et al., 1996; Li and Rostami, 2010) . The activation of signal transducer and activator of transcription 3 (STAT3), can promote lung cancer cell proliferation and migration, and facilitate the intercellular adhesion of cancer cells (Ye et al., 2012) . In contrast, neutralized IL-9 can inhibit tumor growth in the murine lymphoma and this process is associated with downregulation of the cells involved in immune suppression: regulatory T cells and mast cells (Feng et al., 2011) . In Table 4 . Genes differentially expressed (turned off) from RNA-Seq results in chickens fed ochratoxin A (1 mg OTA/kg diet) for 7, 14 and 21 d. our study, the IL9 gene was transcriptionally turned on in chicks fed 1 mg OTA/kg diet, at d 7. Based on the literature, we can infer that IL-9 activated regulatory T cells and mast cells to mediate immune suppression, which can lead to tumor growth in the renal cells of chickens fed OTA. TULP1 Tubby-like protein 1 (TULP1) was recently identified as a Mer Tyrosine Kinase (MeRTK) ligand. It means that TULP1 interacts with MeRTK, one of the members of the Tyro3, Axl, and MerTK (TAM) receptor, to facilitate phagocytosis (Caberoy et al., 2010) . Overexpression of MeRTK ligands has been shown in many cancers and plays a role in oncogenic processes (Newlaczyl and Yu, 2011) but the roles for TULP1 in those processes have not yet been studied (Cummings et al., 2013) . According to our results, the TULP1 gene was transcriptionally activated in birds fed 1 mg OTA/kg diet compared with control birds, at 7 d. Interestingly, it was shown that TULP1 had response similar to the other known ligands in the MeRTK signaling for cancer processes, but at this time its function is still not clear. More studies on TULP1 as a ligand in MeRTK signaling are necessary for the elucidation of its possible role in oncogenic processes.
GHSR Growth hormone secretagogue receptor (GHSR) gene encodes a member of the G-protein coupled receptor family. The transcript variant 1a (GHSR1a) encodes the receptor for the ghrelin ligand and, therefore, defines a neuroendocrine pathway for growth hormone release (NCBI, 2016) among other functions (Gahete et al., 2014) . It is known that dysregulation in some of the components of the ghrelin system can lead to the development and progression of several types of cancers (Gahete et al., 2014 ) but their role is still unclear. Some studies support the idea of cell proliferation (Rossi et al., 2008 ) mediated through the activation of key signaling pathways such as the mitogen activated protein kinase (MAPK) pathway, namely MAPK p44/p42 (ERK 1/2) or the phosphoinositide 3-kinase (PI3K)-AKT pathway (Nanzer et al., 2004; Rossi et al., 2008) . In our study, we observed that the GHSR gene was turned on in chicks fed 1 mg OTA/kg diet compared with controls, at d 14. This finding suggests that the high levels of GHSR induced by OTA resulted in dysregulation of the ghrelin system and may potentially play a role in cancer development.
GRK6 G-protein-coupled receptor kinase 6 (GRK6) is a member of the versatile G protein-coupled receptor kinase (GRK) superfamily (Nakaya et al., 2013) . This gene can regulate the activity of chemokine receptor by phosphorylation (Vroon et al., 2004) , and it is related to the adhesion and movement of many cancer cell lines (Li, 2013) . According to Li (2013) , the GRK6 may participate in the regulation for migration and invasion of hepatocellular carcinoma cell, but the molecular mechanism is still unclear. We report that the GRK6 gene is transcriptionally activated in birds fed OTA compared with controls at 21 d. Our results indicate that, similar to Li (2013) , changes in GRK6 expression may be a sign of renal tumor response to the inclusion of OTA in the diet.
GAPDH The levels of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) are elevated under stressed conditions, such as exposure to DNA-damaging agents (Tarze et al., 2007) . As a key intermediate component of glycolysis, GAPDH could serve an important role in cancer cell development and tumor progression, because the hypoxic environment in which tumor cells reside leads to an increase in glycolytic metabolism (Wang et al., 2013a) . However, when cells are exposed to a stressor, the binding of GAPDH to Siah (a protein E3 ligase that aids in the translocation of GAPDH to the nucleus) may regulate gene expression, which results in cellular dysfunction and death (Hara et al., 2006; Tristan et al., 2011) . In our study, the GAPDH gene was activated in birds fed 1 mg OTA/kg diet, at 21 d. This result is consistent with the literature and could suggest that the high levels of GAPDH increased the glycolytic metabolism, leading to cancer cell development and tumor progression. We also could speculate that a posttranslational modification of GAPDH by OTA in the GAPDH/Siah1 cascade was initiated, leading to disorders and cell death. Therefore, altered expression of GAPDH in OTA-treated chickens might have a number of implications. This issue has yet to be clearly understood.
LOC396365 This is represented by preprogastrin. Preprogastrins are peptides derived from the gastrin precursor (Dockray et al., 2001) . The growth of carcinoma and tumor cells is stimulated by autocrine secretion of gastrin (Rehfeld, 1998) , thus it seems that gastrin acts as a co-carcinogen, in other words, it does not initiate tumorigenesis, just expands the pool of transformed cells (Dockray et al., 2001) . In the present study, the preprogastrin was transcriptionally turned on in birds fed 1 mg OTA/kg diet compared with controls over the entire experimental period (at 7, 14 and 21 d) . We propose that the elevated levels of preprogastrin mRNA contributed to the synthesis of gastrins in the stomach of the birds. These high levels of secretion of gastrin could be a sign of cancer in the stomach and also other organs, such as kidneys, but further studies are necessary for substantiation.
Deactivated Genes
SPAG4 and LOC100857131
We report that the sperm associated antigen 4 (SPAG4) and sperm associated antigen 4 protein-like (LOC100857131) mRNA were transcriptionally deactivated in kidneys of birds fed 1 mg OTA/kg diet at 7 d. Similar to our results, Ryu et al. (2007) demonstrated lower SPAG4 mRNA levels in testes of mice chronically exposed to the di(n-butyl)phthalate, considered as a carcinogenic substance. We believe that the silenced expression of SPAG4 may be a sign of renal tumor response to the inclusion of OTA in the diet, however further studies are necessary for a better understanding of the relationship between this gene and renal cells.
LOC771469 Zinc finger proteins containing the Krüppel-associated box (KRAB-ZFP) are the largest family of transcriptional repressors in mammals (Huntley et al., 2006) and it is suggested that loss of the KRAB domain in KRAB-ZFPs due to alternative splicing might contribute to carcinogenesis (Wang et al., 2013b) . In our experiment, the zinc finger B-box domain-containing protein 1-like (LOC771469) mRNA was switched off in birds fed OTA compared with control birds at 14 d. According to Huntley et al. (2006) and Wang et al. (2013b) , it suggests that repression in zinc finger B-box domain-containing protein 1-like expression could be responsible for a transcriptional derepression which consequently could lead to cancer development, but more investigation is necessary for an elucidation of the gene function and the possible role in carcinogenic and tumorigenic processes.
NKX2-1 and NKX2-8 The NK-2 family encodes sequence-specific DNA-binding transcriptional activators. The NK2 homeobox 1 (NKX2-1) gene is overexpressed in many pulmonary adenocarcinomas (Anagnostou et al., 2009). Lin et al. (2013) proposed that NK2 homeobox 8 (NKX2-8) plays a role in the regulation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B) transcriptional activity: NKX2-8 represses NF-kB by restraining nuclear localization of NF-kB p65 via downregulation of A-kinase-interacting protein 1 (AKIP1), a NF-kB p65 binding partner, and also by directly targeting the AKIP1 promoter. Some studies demonstrated that NKX2-8 and NKX2-1 have opposite effects on transcription in lung cancer cells (Harris et al., 2011) . Our findings indicated that NKX2-1 and NKX2-8 were both turned off in birds fed OTA compared with control birds at 14 d. Based on different tissue results, we hypothesized that deactivation of these genes might be associated with the potential development of renal cancer cells. However, we still do not know if these genes are acting individually or are acting in concert on transcription.
FOXO1 The mechanisms of dysregulation of the forkhead box (FOX) family are inactivation via an increased phosphoinositide 3-kinase (PI3K)-AKT signaling, gene deletion, involvement in oncogenic protein fusions and leukaemia. The consequences are unscheduled cell proliferation, apoptosis resistance, independence of growth factor signaling, androgen independence of prostate cancer (Myatt and Lam, 2007; Paik et al., 2007; Greer and Brunet, 2008) . The specific function of the forkhead box O1A (FOXO1A) gene has not yet been determined, but it has been suggested that this gene may play cellular and developmental roles by mediating insulin signaling, suppressing proliferation, or inducing apoptosis (Tuteja and Kaestner, 2007) . In our study, FOXO1 gene was deactivated in chicks fed 1 mg OTA/kg diet compared with control birds at 14 d. We suggest that the dysregulation of this renal gene indicates an induced cell proliferation with potential cancer formation.
MyHC Our results showed that the myosin heavy chain (MyHC) mRNA was turned off in chicks fed 1 mg OTA/kg diet at 14 d. Several studies associated alteration in MyHC expression with cardiovascular diseases (Morkin, 2000) or even gastrointestinal tumor (Sakurai et al., 1999) , but in fact, their mechanisms are still not well defined. In the present study, we hypothesized that the silenced expression of MyHC occurred as an adaptive response to inclusion of OTA in the diet. The possibility of a role for this gene in the nephrocarcinogenicity of OTA requires further development and demonstration.
CLDN18 The tight junction-based permeability barrier is modified in tumorigenesis (Arabzadeh et al., 2007) . In epithelial cancer cells, changes in claudins at junctions are associated with defective cell-to-cell contacts owing to faulty E-cadherin function and the loss of adherence junctions and tight junctions is characteristic (Quinonez and Simon, 1988) . The loss of polarity in epithelia is associated with increased cellular proliferation, while disruptions in tight junction complexes alter cell-cell interactions allowing invasion and metastasis (Shin et al., 2006) . In our study, the claudin 18 (CLDN18) gene was switched off in chicks fed 1 mg OTA/kg diet at 14 d. We inferred that the loss of CLDN18 in renal epithelial cells modified the tight junction permeability barrier, promoting the progression of tumorigenese and the invasion of cancer cells.
B-G Chicken major histocompatibility B complex (MHC-B) haplotypes have conflicting associations with disease (Taylor, 2004) . The role of the B-G (also known as class IV MHC; Zekarias et al., 2002) molecules in antibody response is speculated to be through enhancing the antigen recognition by B and T cells and in the selection of B cells. The B-G haplotypes have divergent antibody responses that in effect can be linked with differences in resistance to infectious pathogens attributed to differences in antibody production (Kaufman and Salomonsen, 1992; Zekarias et al., 2002) . In the present study, the B-G (V-region-like B-G antigen, and MHC class IV antigen) gene was turned off in chicks fed OTA at 7 d and B-G (V-region-like B-G antigen) gene was turned off in chicks fed OTA at 21 d. Based on our previous work (Zeferino et al., 2016) , we propose that the loss of B-G caused by OTA may have different effects at 7 and 21 d. At 7 d, there was a direct effect of the toxin on the kidneys (the deactivated expression cancelled the immune protection, thus not confering resistance to diseases). Thereafter, the B-G gene was turned on due to an adaptive response (the body was combating the OTA damage by increased immune activity). At 21 d the B-G gene was switched off because the kidney and other related organs had been repaired or the damage had been contained.
XPC The xeroderma pigmentosum (XP) disorder is caused by a defect in the nucleotide excision repair (NER) pathway (Schäfer et al., 2013) . In this disorder, cells are defective in DNA damage repair or DNA replication induced by chemical agents or UV radiation and it seems that these deficiencies involve most of the genome (damage to the whole genome) (Cleaver, 2005; Schäfer et al., 2013 ). In the current study, the xeroderma pigmentosum complementary group C (XPC) gene was turned off in chicks fed OTA at 21 d. It appears that OTA induced an XP disease in the kidneys with potential development of cancer. According to the literature, studies on this gene are limited to humans and the effects have been reported in organs other than the kidneys. Our finding might be interesting, but more studies are necessary for substantiation.
CONCLUSIONS
This study is the first demonstration of genes individually activated and deactivated in renal cells of chickens as a result of different durations of exposure to dietary OTA. Although these changes in gene expression were not associated with gross or histopathological changes it does indicate that these concentrations of OTA can affect kidney gene expression in birds as early as d 7. All of these genes were involved in kidney toxicity, which is consistent with the reported carcinogenic and tumorigenic effects of OTA in birds. Therefore, we conclude that the turning on and off responses may contribute to carcinogenic and tumorigenic effects of OTA in birds. Further investigation into the molecular mechanisms regulating the observed changes in gene expression is required for a fuller understanding of carcinogenesis and tumorigenesis effects.
